Ejection of the viral contents is followed by a retraction of the attached viral ghost from the infected cell. The bacterial cells reveal a fibrillar nuclear structure which in some cases surrounds material that appears to be of cytoplasrmic origin.
The elaborate infective mechanism which bacterial viruses possess has been clarified by chemical analysis (Hershey and Chase, 1952; Barrington and Kozloff, 1956;  Koch and Weidel, 1956 ) and by electron microscol)ic investigations (Anderson, 1952; Kellenberger and Arber, 1955; Brenner et al., 1959) . However, as Kellenberger (1961) re-emphasized, the idea that bacteriophage acts as a hypodermic syringe has not been conclusively proven. There is no question that the phage tail sheath can contract. However, a question still remains concerning the precise association between the infecting phage and the cell wall.
Among the most revealing electron micrograp)hs of thin sections of phage-infecte (l bacteria that have yet been published are those of MIercer (1959) . Unfortunately, the most striking example of a virus demonstrating a contracted tail did not show the virus attached to a whole cell.
In this report, we present electron micrographs of thin sections of cells of Escherichia coli B infected with coliphage T2. From our observations, we propose that little of the bacteriophage tail penetrates through the cell wall during infection.
AIATERIALS AND ]METHODS
E. coli B was routinely cultured on Fraser and Jerrel's (1953) glycerol medium aerobically at 37 C. The cells to be infected with bacteriophage were harvested during the log phase of growth at a population density of 4 X 108 cells/mI. T'hese cells were washed once with buffer (Cota-Robles, 1963) and susl)ended in buffer containing 0.35 M sucrose. The hypertonicity of the suspending medium effected plasmolysis of the bacterial cells which, although it does not pertain directly to this report, proved to be a useful tool. The usefulness of this tool was twofold: first, it permitted greater clarity in observation of viruses attaclhed to the cell wall; and second, it presented a defined structure, the cell wall, that could be readily utilized as an aid in focusing at high magnifications.
Coliphage T2 was added to the plasmolyzed bacteria at a multiplicity of 10 to 40 virus l)articles per cell. The viruses appear to attach to p)lasmolyzed cells almost as efficiently as they (lo to normal cells. Plasmolvzed cells infectedl with coliphage T2 suffer the lethal effects of the virus. The high multiplicity was used to increase the likelihood of obtaining sections containing viruses attached to cells. The infection was permitted to proceed for from 4 to 8 min at 25 C in different exleriments. During each experiment, infection was time(l so that it preceded lysis from iwithout by several minutes. Lysis from without was (letected by phase-microscopic examination. The reaction was stopped by the addition of sufficient formaldehy(le to yield a final concentration of the fixative of 3.7%,' (10 formalin).
Fixation with formalin was permitted to proceed for 1 hr at 25 C. This mixture was then centrifuged an(l lost-fixed with OSSO4 according to the method of Kellenberger, Ryter, and Sechaud (1958 The dividing cell depicted in Fig. 2 has two well-defined nuclear areas. However, these areas do not present a homogeneous appearance. In fact, areas of considerable electron density are readily observed within these nuclear regions. The density and organization of these isolated zones resemble quite closely the density and organization of the cytoplasm. This observation is not an unique one, since Chapman and Hillier (1953) reported similar inclusions in nuclear sites of Bacillus cereus. Figure 2 presents a transverse section through a cell of E. coli which has several interesting viral associations. One of these is exemplified by the ghosted virus (3) which appears to be attached via its tail to the cell wall, but which in addition has a particle (4) of extreme electron density in close association with its head and with the cell wall. The marked electron density of this particle suggests that it could be the DNA of a virus.
We cannot decide on the basis of a single micrograph what the nature of this particle is, but we currently feel that it is a second virus sectioned through an unusual angle. There does exist the possibility that this particle does originate from the ghosted virus (3), but, if the particle is DNA from the ghosted virus, it did not exit through the tail but rather through the head.
We feel that the virus presented in the first two micrographs suggests that an infecting virus does not come exceedingly close to the host cell. This does not mean that we have not seen an occasional virus which may be in close apposition to the cell. However, the numerous observations we have made conform generally to those depicted above. Figure 3 is but another example of what we interpret as the general pattern of infection of E. coli B by coliphage T2. Here a ghosted virus can be seen to reside some distance from its host cell.
We have presented evidence that a ghosted virus may not be in very close association with the cell. However, we have not presented convincing evidence that a virus with a discernibly contracted tail does not project into the cell. We feel that this point is clearly decided in Fig.  4 . Here the ghosted virus contains a tail that is markedly contracted. A neck region is discernible, as is a region of marked density, which we assume to be the base plate. Our calculations show this base plate to be 50 A from the cell wall proper. The dimensions of the head of the ghosted virus are essentially identical with those of an intact virus. However, a central ridge which is not usually resolved can be readily observed. The head of this virus closely resembles those described by Cummings and Kozloff (1962; Plate I, Fig. C) .
The cell presented in Fig. 4 contains a welldefined nuclear region within which one can observe areas of marked electron density. In addition, this cell contains one well-defined, membrane-delimited "vesicle." The term vesicle is used advisedly here, since the structure in (Fig. 2) , causing a local disorganization of the wall (Fig. 1) . The tail of the virus contracts. The viral DNA is injected (Fig. 4) . The virus ghost retracts from the wall but still retains its attachment (Fig. 2, virus 2 ).
An ancillary aspect of these studies concerns itself with the nucleus of E. coli. Our photographs reveal that the nuclear region contains fibrous strands which are quite similar to those presented by Robinow (1962) in his recent review. As Robinow pointed out, little has been learned of the morphology of replication of bacterial nuclear material. Murray (1960) and Kellenberger (1959) , as well as Giesbrecht (1958) , do offer some suggestions about the organization of the bacterial nuclear material. Our photographs touch upon this point. Even though our observations are scanty and are not based upon examination of serial sections, it appears to us that the nucleus of E. coli is not a compact body. Rather, we visualize it as an intricately organized fibrous structure into which cytoplasmic elements project. Thus, a given section through a nucleus may reveal cytoplasmic components that appear to be embedded within nuclear material (Fig. 2,  longitudinal section) . Similarly, a section through a cell could reveal a single nuclear structure that contained no cytoplasmic component (Fig. 2 , transverse section). All available evidence indicates that the bacterial nucleus is devoid of a personal limiting membrane. Our observations suggest that the nucleus may be held in place by the surrounding cytoplasm. However, we do not feel that this indicates a nonspecific property of the bacterial cytoplasm, but rather that it underscores the complex organization of the bacterial cell. We have recently observed that treatment of E. coli cells with toluene not only results in the disorganization of the cytoplasmic membrane but of the nucleus as well (Cota-Robles and Coffman, in preparation). This action of toluene upon the cytoplasmic membrane is not unexpected. The action upon nuclear organization is not expected, and it may presage a close association between lipid components and integrity of the bacterial nucleus.
